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• Current analysis 
indicates dam 
failure 

• Remediation costs 
$35 Million (Mormon 
Island Dam)

• New analysis 
indicates minor 
damage

• Substantial savings 
in remediation 
costs, tens of 
millions 

Reservoir

Reservoir

Reservoir overtops 
failed dam

Extensive
liquefaction

in foundation

Minimal
liquefaction

in foundation

Dam retains
reservoir

Current Analysis

New Analysis
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Excess pore pressures in 
Model 4d, earthquake 2 

Middle depth specimen

σσv’ = 4.7 tsf

(in the middle of the loose 
layer)

Shows good repeatability 
along the length of the 
model

365

796

medium dense 
sand layer, 
RD = 75%

water table 
at soil 
surface

160loose sand layer, 
RD = 50%

lead surcharge

base layer, 
coarse sand
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Plan for FY01
Timeline

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Tasks

Conclude level ground test

Prepare for expert panel review

Expert panel review workshop

Address workshop concerns
- centrifuge tests
- data analysis

Analysis of level ground data

Confirmation, physical modeling

Confirmation, numerical modeling
- STUBBS
- FLAC
- DIANA

Concluded In progress

External
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Model 
series

Models in 
series

Effective 
overburden 
stress in 
loose layer

Depth of 
equivalent 
field 
deposit
(approx)

Depth of 
specimen

Notes
(All models used 
Nevada sand and 
were tested at 50g 
unless indicated)

2 a, b, c, d, e,  
f

1 tsf 15 m 300 mm

3 a, b, c, d, e 2 tsf 26 m 525 mm

4 a, b, c, d 3 – 5 tsf 26 – 40 m 525 mm Lowered water table 
or lead surcharge

e, f, g, h, I, j 3.9 – 9.7 tsf 30 – 60 m 525 mm Light surcharge and 
change in g level

k 1.9 – 4.8 tsf 25 – 39 m 525 mm Change in g level

5 a, b, c, d, e 7 – 10 tsf 54 – 63 m 525 mm Lead surcharge
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Results of Expert Panel Review



US Army Corps
of Engineers®

Engineer Research and Development Center

Results of Expert Panel Review



US Army Corps
of Engineers®

Engineer Research and Development Center

Plan for FY01
Timeline

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Tasks

Conclude level ground test

Prepare for expert panel review

Expert panel review workshop

Address workshop concerns
- centrifuge tests
- data analysis

Analysis of level ground data

Confirmation, physical modeling

Confirmation, numerical modeling
-STUBBS
-FLAC
-DIANA

Concluded In progress

External
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Addressing Workshop Concerns
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Additional ‘Check’ Tests

Model with P/S wave hammer, total 
pressure cell, and acc’s on inside rings

True model of the models to eliminate 
concerns about model size
Clay layer between loose and dense layer
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Data Analysis

36
5

400
796

uniform loose 
sand,

RD = 49%

porous and slotted plates, 
overlain by dense sand 
layer

water table at sand surface

7
0
80

ACCs 12823 and 12821 
were mounted horizontally 
on the ESB (at opposite 
ends)
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Data Analysis

Vertical 
effective 
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Additional FY01 Activities

Independent verification through physical 
modeling by outside source (3 - 4 models)

Numerical modeling with FLAC, 
DIANA, (STUBBS)
SI analysis
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Technical Plan Overview 
FY01- FY04

FY01
Address comments from Dec 2000 review panel
Conclude level ground testing
Document results

FY02
Finalize level ground testing & document
Plan & start sloping ground tests

FY03
Conclude sloping ground tests
Analyze tests and document results

FY04
Integrate level and sloping ground tests into a final 
recommended design procedure
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Plan for FY02
Timeline

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Tasks

Finalize level ground test

Plan sloping ground test

Expert panel review workshop

Physical modeling sloping ground

Numerical modeling sloping

Planned
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Acceptance by Practice
Journal Articles

Submit article to ASCE this July (planned)
Submit article to ASCE NLT December 2001
Submit to International Journal of Physical Modeling, 2001-2002

Conferences (Past)
GeoDenver 2000, ASCE, Proceedings
4th International Conference on Recent Advances…, 2001, Proceedings
UJNR Workshops, 2000

Conferences (Future)
ISSMGE, Turkey, 2001
T2 Committee, Canada, 2002
ECEE, UK, 2002

Workshop for Expert Panel Review
Dec 2000
Dec 2001



Failure due to Earthquake-Induced Liquefaction in Foundation:
Sheffield Dam during Santa Barbara Earthquake of 1925 (Seed 1970)

Sandstone Bedrock

2 m

7.6 m

Sandy silt to silty sand

Silty sand
& clayey sand

6 m

4.5 m

Clay blanket

US Army Corps
of Engineers® Engineer Research and Development Center
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in foundation
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in foundation

SERIES 2

Vary depth of loose layer in 
foundation
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Dense: Dr= 70%Dense: Dr= 70%
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X Nodal  Accelerat ion
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Excess Pore  Pressure
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